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Feynman Common Lisp ,
1 , 2
3. Feynman 3
[ 1] $\ell$ $4$
[ 2] $\ell$ Feynman
:: $\overline{\ulcorner T^{\tau}}t_{2\pi m^{1_{*^{\prime*}}}-p,-:}^{2_{-:^{)}}^{-:_{*}}}$$\frac{1}{\ovalbox{\tt\small REJECT}\mu^{*}-p_{l}-:}$
: $\overline{t^{2^{-:_{)^{\ell}}}}}[\frac{-g_{r\nu}}{-p_{l}^{*}-:}-(1-\alpha)_{t-p_{l^{\nu}}}’m_{-:^{l})^{*}}]$
, \gamma $\gamma^{\mu}(p_{\ell})_{\mu}$
$m^{2}-p_{\ell}^{2}-i\epsilon$ \alpha $=0$ ,
$\epsilonarrow+0$
[ 3]
:: $\text{ _{}u_{l}}^{\frac{1}{\frac{(2\tau_{1}}{(2\pi \text{ }}}}$ $\varpi^{\omega_{l}},$$\text{ ^{}arrow}\text{ ^{}+}\varpi^{)}\sqrt{\overline{B}}(p)^{f}$($\sqrt{}^{(\mu^{a_{2^{2}}})_{\text{ ^{}\vec{p}^{2}}}}$
$v$. )
.1? $-1t^{2*)}T$ $r_{2|p\urcorner}^{\epsilon_{\mu}^{(\lambda)}}$




[ 5] $a_{j}$ , $(2\pi)^{4}gj$ , $oj$ $L_{I}$
[ 6] , 4 $\Phi\ell$
[ 7] , , ,
4 Feynman $2$
4. 6




$ui[i],$ $ui[j]]$ 4 $\gamma p$ , $Gamma[l]*P[1]$
3 $pl1$] $vec[P[1]]$
5. [3] , [4 , [5
, $A_{1}A_{2}$
$A_{\mathfrak{n}-1}A_{\mathfrak{n}}$ , $A_{\mathfrak{n}}^{1}A_{\mathfrak{n}-1}^{1}\ldots A_{2}^{\dagger}A$:
$u^{1}=\overline{u}$ AJoint-











ans$=Append$[ans, $\#[[i]]\ [x]$] $;i=i+1$)];Return[ans]]
AbsProduct[x-]: $=$
Apply[NonCommutativeMultiply,Append[ProductList[xl,AjointProduct[x]]]




















o CommutateRelation[A[m],B[n]l:$=B[n]^{**}A[m]+p$ $-B[n]^{**}A[m]+q$ ,5.1


































$P=a_{1}A_{1}+a_{2}A_{2}+\cdots$ +: @ .
$a_{1},a_{2},$ $\cdots,$ $a_{\iota}$
$P$ $Q=b_{1}B_{1}$ $(a_{1}A_{1}+$
$a_{2}A_{2}\cdots+a_{\tau},A_{\mathfrak{n}})b_{1}B_{1}=b_{1}a_{1}xRelation[A_{1}, B_{1}]+b_{2}a_{2}xRelation[A_{2}, B_{2}]+\cdots+a_{\mathfrak{n}}b_{\iota}xRelation[A_{\mathfrak{n}}, B_{\mathfrak{n}}]$
, $Relation[A_{i}, B_{1}]=\pm B_{1}Ar$ ,
64






$\sigma_{0}=(\begin{array}{ll}1 00 l\end{array}),\sigma_{1}=(\begin{array}{ll}0 11 0\end{array})’\sigma_{2}=(\begin{array}{ll}0 -ii 0\end{array})’\sigma_{3}=(\begin{array}{ll}1 00 -1\end{array})$
, 4 ,






\Sigma ajj , trA SpA
$a,$ $b$ A, B, ,
$tr(aA+bB)=aTrA+bTrb$
$tr(AB)=tr(BA)$
$tr(AB\cdots YZ)=tr(B\cdots YZA)=tr(ZAB\cdots Y)$
$S$ , $tr(S^{-1}AS)=trA$ ,
$tr(\gamma^{\mu})=0$
73. [3
$\gamma^{\mu}$ \gamma \mbox{\boldmath $\mu$}\gamma v+\gamma v\gamma \mbox{\boldmath $\mu$} $=2g^{\mu\nu}$
@ $tr(\gamma^{\mu_{1}}\gamma^{\mu*}\cdots\gamma^{\mu}\cdot)=tr((2g^{\mu_{1}\mu*}-\gamma^{\mu_{2}}\gamma^{\mu_{1}})\gamma^{\mu}\cdot\gamma^{\mu}\cdot)=2g^{\mu_{1}\mu a}tr(\gamma^{\mu}\cdots\gamma^{\mu}\cdot)-tr(\gamma^{\mu}’\gamma^{\mu_{1}}\cdots\gamma^{\mu_{*}})$
$=2 \sum_{k=2}^{\prime\iota}(-1)^{k}g^{\mu_{1}\mu}tr(\gamma^{\mu*}\cdots\gamma^{\mu u-\iota}\gamma^{\mu*+\iota}\cdots\gamma^{\mu}\cdot)+(-1)^{n-1}tr(\gamma^{\mu*}\cdots\gamma^{\mu}\cdot\gamma^{\mu_{1}})$




, Mathematica , Gamma[ui[n]] ,ui ,
, $,A**B**C$ ,Non-
$CommutativeMultiply[A,,C]$ ProductList $A**B**C$ {A,B,C}























TraceGamma$[$ui$[1]]^{**}Gamma[ui[2]]]$ 4 $g[ui[1],ui[2]]$ ,
$TraceGamma[Gamma[ui[1||^{**}Gamma[ui[2]]^{**}Gamma[ui[3|||$ $0$ ,
TraceGamma[Gamma$[$ui$[1]]^{**}Gamma[$ui$[2]]^{**}Gamma[ui[3]]^{**}Gamma[ui[4]]$ ,








, $U[P[i]]$ , ,m-Gamma*P ,P 4
, $P[i]$ ,U[P[i]]
$m$ $P$ $P[i]$ 1\sim 3 ,





$Sum[U[li[s], P[i]]**UBAR[li[s], P[|]],$ $\{s\}$] $=(Gamma*P[\iota]+m)/(2m)$
4
[1] T. Sasaki,Automatic Generation of Feynman Graphs in QED. J. Comp. Phys. 22,$2,pl89\sim p214,1976$
2 , , ,581,p85\sim pl00,1986
3 , 19 , ,1975
4 ,Mathematica , ,1990
[5] Wolfram,$Mathematica^{TM},Addison,Wesley,1988$








’r$ $j\mathfrak{n}vd t\cdot 0\cdot 1$
$S\uparrow Su\cdot 1\downarrow I$
$Z4$ . $u$
2. ’
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